Abstract. This paper studies a continuous reflex arc structure with silencing function, the principle of mutual interference between reflected sound waves and incoming sound waves is used to reduce noise. The normal direction of each reflex arc points to the direction of the incident sound source, which can maximize the reflection efficiency. The normal direction of reflex arc is determined by the position parameters, frequency spectrum and fundamental frequency of the incident sound source, it is ensure that the reflected sound waves are in the opposite direction to the incident waves. The depth, width and normal direction of the reflex arc are determined by calculating the position parameters of the sound source and the material of the wall plate. The arrangement and spacing of the reflex arc are optimized by establishing mathematical model, and then optimized by repeated experiments. Finally, the reflex arc structure with the maximum noise reduction can be obtained. The paper have carried out the theoretical calculation and computer simulation of the reflex arc structure and the feasibility of the scheme has been verified theoretically.
Introduction
Sound-absorbing cotton is generally used to reduce noise in the silencing technology of aeronautics and astronautics. But it is required to have a certain thickness or weight (density ratio) to make a difference. Generally, it's not very strict in space volume for ground non-mobile devices, so we can use the sound-absorbing cotton to reduce noise.
However, in order to reduce the weight of the aircraft, it is hoped that the method of adding materials will not be adopted in the aircraft manufacture, and the optimized structure will be adopted to realize the purpose of noise reduction. In the present aircraft manufacturing, the way of adding sound-absorbing cotton between aircraft fuselage and interior trim panels is still used for noise reduction. But filling sound-absorbing cotton is not enough to reach ideal effect of noise reduction, because the gap between the aircraft skin and interior panels is tiny. So it is very important to design a new noise reduction structure instead of sound-absorbing cotton.
Exploring and studying reflex arc carved on the plane wall plate not only can improve comfort of the aircraft, but also can reduce the weight of the aircraft, save fuel and improve the flight safety of aircraft performance. The following discussion takes civil aircraft as an example to study the structure (low-frequency mainly).
Research Significance
This subject will design and study the continuous reflex arc grooves carved on wallpaper or bulkhead plate by laser engraving. The structure of reflex arc groove is simple and the noise reduction effect is obvious, so it can effectively reduce the noise in the incoming cabin of aircraft engines and does not increase the weight of the aircraft. Not only it is important for aircraft noise reduction and aircraft weight reduction, but also it has important theoretical and practical significance for aerospace industry, shipbuilding and other industries.
Research Content

Research Principle
When the sound wave propagates to the reflex arc structure, it will have a reflected wave which has the same amplitude and the opposite direction as the incident wave. Now we study the result of the addition of the incident wave and the reflected wave. The wave function in this case is shown below:
(1) The first term of the formula represents the incident wave, and the second term represents the reflected wave. Under the condition of total reflection, the sound pressure and amplitudes of the incident wave and the reflected wave are same, and there is no phase difference between reflection wave and the incident wave at the boundary. The formula can be written as: p = 2p cos݇‫ݔ‬ * cos ‫ݐݓ‬ (2) The amplitude of the synthesized sound wave is:
This value varies with distance, when ݇‫=ݔ‬nπ (n=1, 2, ... ), there is |p | = 2p , The sound pressure and amplitude of the synthetic wave is twice of the original incident wave, when ‫ݔ݇‬ =(2n-1)π/2, there is |p | = 0. Therefore, in order to achieve the best effect of noise reduction, There should be: |p | = 0. At this point, it is necessary to determine the radius of the reflex arc and the depth of engraving according to the frequency of the sound wave.
Model Analysis
The model is built as follows: the engine is symmetrical on both sides of the fuselage, and the engine noise penetrates through the fuselage to enter the cabin. The reflex arc structure should be designed to reduce the reflected noise and reverberation in the cabin. In the length direction of the fuselage, the coverage of the engine noise source can be represented by Figure 1 : Set the engine noise source position point coordinates is ‫ܮ‬ ሺ‫ݔ‬ , ‫ݕ‬ ሻ, the length of the fuselage is from ‫ܮ‬ ௦ ሺ‫ݔ‬ ௦ , ‫ݕ‬ ௦ ሻ to ‫ܮ‬ ௭ ሺ‫ݔ‬ ௭ , ‫ݕ‬ ௭ ሻ, set as T . The distance between the noise source and the inner wall of the cabin is set as H . When the sound waves are perpendicular to the reflex arc, you can get the reflected waves which have the same frequency, different phase as the incident waves. If the phase difference between the incident wave and the reflected wave satisfies a certain requirement, the incident waves and reflected waves will offset each other maximally. Therefore, the geometrical features of the reflex arc is shown in Figure 2 .
Through the calculation of mathematical and geometry, the value of the semi-arc end point of the whole reflex arc can be obtained, and then the arc curve can be connected to each endpoint in order to get the entire reflex arc.
MATLAB software can be used to draw the plane diagram of the reflex arc structure, as shown in Figure 3 .
SolidWorks software can be used to draw the three-dimensional structure of the reflex arc structure, as shown in Figure 4 . 
The Simulation Calculation
The reflex arc was simulated and calculated in order to study the effect of noise reduction under different reflex arc radius. The reflex arc radius takes different values in the simulation process.
After design the reflex arc, the structure of a similar cabin is constructed for simulation calculation. This reflected arc is now engraved inside the cylinder, using this system to simulate the noise caused by an aircraft engine. The detailed analysis is as follows.
Model: the inner radius is 400mm, the outer radius is 500mm and the length is 2000mm, acoustic spectrum range: 20 ~ 2000 Hz, the incident sound waves along a certain Angle to the structure interior, as shown in Figure. 5, its internal engraving reflex arc stripe as shown in Figure. In the process of the simulation and calculation, change the radius of the reflex arc to achieve the best noise reduction effect. The simulation results are as follows.
(1) Firstly, the acoustic transmission effect of the non-reflective arc structure in the cabin is shown in Figure 9 and Figure 10 (the solid dot in Figure 9 indicates the sound source, and the following is the same). It can be seen from the Figure 10 that the acoustic transmission in the model is not balanced, and even the transmission of some frequencies is strengthened, which makes the noise further increase.
(2) The acoustic transmission effect of the 30mm radius reflex arc structure in the cabin is shown in Figure 11 and Figure 12 . It can be seen from the Figure 12 , at low frequencies: 20-400 Hz, there is significant noise attenuation, and of course, noise increases at a certain frequency (1300 Hz), so the model can be optimized by changing the radius of the reflex arc.
(3) The acoustic transmission effect of the 50mm radius reflex arc structure in the cabin is shown in Figure 13 and Figure 14 . It can be seen from the Figure 14 , only at a few frequencies (low frequencies: 20 Hz, 800-1000 Hz, etc.), the noise decays, and of course, noise increases at a certain frequency (such as 400 Hz). So we can continue to change the reflex arc radius for optimization of the model.
From the above results, it can be inferred that the noise of different frequencies needs to be denoised by the reflection arc structure of different radii. It can be used to select the appropriate stripe radius or the combination of the reflex arc of different radii to make the stripe structure have a certain noise reduction effect.
Summary
It can be seen from the above analysis that the reflex arc structure can reduce the noise at a certain extent, and the noise at different frequencies can be reduced by changing the size of the stripe, and the feasibility of the noise reduction of the structure is verified. During the experiment, the structure can be applied to different noise environments by changing the radius of the stripe. This structure can be used for aircraft, ships, cars and indoors etc. for the noise reduction.
